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INTRODUCTION 


This  report  severs  the  ft:  11  period  of  development  of  the  advanced  DSC  at 
V5.T;  during  this  period  the  UIL  research  assistant  Jchn  5 u 1st  ore  was 
seconded  to  VES  and  worked  full  time  on  the  DSC  ir.  the  Geotechnical 
La&oratory.  The  working  environment  proved  very  good  and  the  equipment  was 
se*  up  and  operating  in  six  weeks.  Given  the  nature  of  the  equipment  and 
the  difficulty  for  John  Pulsford  in  operating  sofar  from  back  up  UCL 
expertise  the  remaining  stages  of  work  on  this  contract  were  bound  to  be 
exceptionally  demanding.  Development  of  such  state  of  the  art  equipment 
would  inevitably  have  had  some  difficulties  and  set  backs  even  on  home  base 
so  it  is  not  surprising  that  this  report  cannot  be  a  catalogue  of 
uninterrupted  success.  The  work  has  indeed  been  successful  in  that  the 
conditions  for  future  successful  operation  of  the  DSC  at  VES  have  been 
irfinei.  The  work  has  also  been  fruitful  in  terms  if  apparatus  development. 


here  is  no  court  that  major  contributions  ‘c  r~-e:-r:h  rev  id  be  made  by 
sir.’  this  DSC  at  VES.  In  the  opinion  of  the  author  there  are  twe 


L 


* 


The  automatic  shear  sheen  alignment  ey=tea  was  resigned  to  carry  cot  this 
task  a  I  thru?:.  UCL  warned  throughout  than  this  xe  thorn  mi.Tht  wei  1  :a  :i. 

The  fall  bs  ;>  position  was  that  photography  should  be  used  at  VES  at  leas’- 
until  funds  became  available  to  set  up  radiography.  In  addition  ‘here  did 
seem  to  be  a  possibility  that  a  IGOkV  x-ray  set  could  be  available  at  VE3 
immediately  and  John  Puisford  carried  out  tests  before  leaving  7CL  for  WE 3 
which  showed  that  10  Ok”  was  sufficiently  powerful  to  obtain  -satisfactory 
radiographs.  These  possibilities  had  been  discussed  at  WES  durir.v  a  visit 
by  the  author  to  WES  in  June  1‘ado  and  the  need  for  provision  for  measurin? 
strain  distributions  obtained  from  either  raiioyraphs  or  photograchs  was 
also  pointed  out.  In  tne  report  after  the  visit  the  author  mentioned  the 
mono-  comparator  system  usei  at  MIT  for  this  purpose  and  indicated  a  bail 
park  cost  of  $10000.  The  necessity  for  this  measurement  -system  may  not  hau¬ 
ls- r.  emphasised  sufficiently  ami  rertainl v  *E£  nai  r.c  funds  for  this. 


* 


r 
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T.;r  iug  the  period  of  t h:  s  work  a  DS*.  of  inferior  design,  but  wi*h  same 
■  ji tv  chain  shear  shoe*  = /.st  em,  ha;  beer.  in  i' :-n  I*  any  ijl 

*-a*r  ha ■.■••;  teen  tarried  o;t  as  * h ;•  Lew  stress  Lev-:-:  ci  ••*•  -  a.  wf p h  n~ 

sign  q;  restriction  due  tc  she  shear  sb.ee* there  are  clearly  no  around; 
fcr  attributing  the  problems  at  low  stress  level  to  the  design,  but  ’There 
i;  a  recuirenent  to  i ns- rove  the  method  of  shear  transfer  to  the  samel e  from 
the  inside  cf  the  sample  membrane  when  <r  -  -30kPa  for  dense  sand  and  <r  tdOkra 
for  loose  sand.  It  is  net  considered  that  this  will  present  -serious 
'difficulties,  until  this  problem  is  solved  the  stress  level  limits 
indicated  above  should  be  used.  The  effects  cf  insufficient  plane  strain 
end  lubrication  are  undoubtedly  underestimated  in  the  Table  of  results; 

’hit  comment  is  based  an  work  done  a’  UT'_  ever  the  same  period.  The 
comparison  o:  photographic  and  radiograph:.;  means  o:  determining  -train 
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fcr  eacn  of  the  areas  shown  in.  Figure  2.  Ideally  the  c  t rains-  reeasured  i r. 
ths  three  areas  -at  nrv  ?i  ven  stress  ratio  ■  '<*  should  be  equal  bee av se  r  he 
••a  moles  were  trees  r  •?  3  “  c  ’■  e  entirely  lonrre  neon  = .  I".  Test  y  there  is 
diminishing  strain  towards  the  e*i?e  ?  or  the  sample  sua;«:estin7  moor  bour.darv 
stress  distribution  or  Lubrication;  this  variation  is  unacceptably  hiyh  and 
one  notes  thaf  the  deficiency  would  not  have  been  discovered  by  boundary 
st rain  measurement s  or  any  four  point  measurement  process-  In  Test  X 
strains,  for  the  three  areas  are  acceptably  similar  and  the  test  is 
successful  until  the  disintegration  of  the  glued  sand  layer  on  the  inside 
cf  the  sample  membrane  steps  boundary  shea r  transfer  and  causes  premature 
failure  of  the  whole  sample. 

In  contrast  tc  the  premature  failure  cf  Test  X  which  was  carried  out  at 
ir  ■  -  dO  k? a  Fiacre  c  shows  the  results  of  T^s-  A1  carried  out  at 
ir  =  3  3  k?a  here  the  tes*  'was  "omtl  jtely  sue ce ssf u  1  with  the  maximum  shear 


A:  ?A?A rU.3  L'SV: 


As  one  would  enpect  a  number  of  i moor t ant  improvements  were  mad-  over  * 
period  and  observation?  were  made  which  will  lead  to  further  isprceiren • 
The  original  roller  guides  for  the  shear  sheets  v/ere  replaced  by  a  new  ? 
sent  from  "CL  and  large  modifications  were  made  to  the  shear  sheer  guid  = 
On  the  whole  these  guides  have  performed  quite  well  but  after  consiiera: 
thought  and  effort  it  seems  unlikely  that  the  guides  can  be  used  as  par’ 
a  boundary  strain  measurement  system.  This  shifts  the  future  effort  to 
choosing  a  strain  measuring  system  for  the  long  term;  the  advantages  o: 
high  definition  radiography  have  been  indicated  in  the  previuos  paragra’ 
For  the  presets-  a  viable  strain  measuring  system  which  is  based  c:s 

r.eer.  achieved;  thin  system  appear?  to  provide  a  -  r-n- : 

: d  i  9 1 :  i  by  t  i  3!Vr  which.  3 re  e  5  S9  m  t  i  ?  1  t  s  9 st  *  ft.  3  7  *  r 

:  i :  a  -  f  r. ;  *•  r.-??*  jrv  "hi-  :  A  new  se  ?;.n  iqne  7  f  a::]?’ 


r  n . 


;*  f  t  f  3  nr  1  • 
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r  3  3 1  *.  ows 


j  vj  r  '■*  r  ?  1  9*3  r.s. 


tie : 


f  not 
:  ve  ft.- 
■'•3  re 


o **  w'.' r  i r. r  h i  7  9 r  s 9  9  9  ,r ^ 3371  be  e F-ire to  be  r  0  r  r  i  ? 
.ced  for  a  •:  or.  nider  ?ble  further  period.  Sc :  3  r  the  bi^^it 
1 1  be  =  b  e  e u  *  i 1  an  i  no  art  3d  he  si  ve  c  0  a  t  i  n£  on  t  h  e  s  3  ns  1  e 
:o  improve  the  bond  between  the  shear  sleeve  and  the  membrane 
•  'he  bcr.  i  rermanen* .  It  ha?  seen  found  that  improved  shea: 

■  » — i-’  *-  ’i  ^  •'  •;  -  :  ■*  if  *  S’i*  S  1T.S  i  9  T.-’  !7.br  3.  P.9  t  C  S  _‘i9  S  3  IfC  1  9  1  r  r  9  -■  1  :  : 

:  -  *  .  r  -u.w  i  71’.  j  3  '  -  -  d*^  i  n  f  -)  9.9  V*3  1  O S .09  Ft  *!  tf  7*T  3F 


’nrr-sved  j:.[  iOrt.ity  of  F.orsid  ■  screen  trr  r.  sfer  froFn  t h 9  or  es  e  u  r 9  b-v?* 
*hroi:~h  -he  shear  sheets  has  be~n  achieved  bv  inserting  a  silicon  rubbe: 
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moulded  pad  between  the  two,  this  is  shared  to  compensate  for  tre 
var  i  fit : cr*  in  t  h  i c s. re sc  ct  t he  shear  sheets. 


con:lu.7I'j"S 

Fnji  ?9s  made  during  the  contract  was  adequate  rather  than  spectacular. 
Measurements  of  incremental  strain  distributions  test  by  test  would  have 
provided  the  quality  control  to  identify  problems  quickly  and  avoid 
repeating  the  same  errors.  This  technique  would  have  worked  much  the  best 
with  radiography  which  would  have  shown  the  frequent  failures  of  boundary 
traction  immediately  <  the  advantage  of  radiography  is  in  "seeing"  every 
plane  of  strain  si  mu  1 1  ar.-'-cusl  y  so  very  small  local  changes  in  density  which 
c  ;  :u r  ocnii  ~ t p r. *!  1  v  t h r  1 i: «  h  t he  s  a  m  r  .  e  show  up  -  .  The  results  of  Test  *J  757^ 
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1.  Definitions  for  DSC  testing. 

2.  Areas  of  strain  distribution  computed  at  UCL. 

3.  Stress  strain  data  for  Test  Q. 

4.  Stress  strain  data  for  Test  X. 

T.  Stress  strain  data  for  Test  A2. 

Stress  strain  data  for  Test  A3. 


Stress  strain  data  for  Test  A4. 


Sample  boundary 


J 

;  r 


•  X 


*  * 
%  f® 


v»  .i  O  ^ 

«J  ^  2  J  w  #x 
*  O  + 

X  <*>■  * 

fo* 

4 


+  x  •‘S0 
k+  O  ° 


n$  m  ^  csj 


l  fft  i 

vu 


%  +  < 

»  +  K 

X 

i 


y\  f 

SI 


X 

k  t 

x 


t*  K+ 

•v 


K  * 
** 


s®  1a  t  »  ^ 

.  v<A 


•\  51 

— ^  N 


'!  1 

J.r 

f  til 

i  ji» 

O  O  Q  £ 

<r  *  'j  y 

x  *  *  * 

O  0  $  O 


.r 

1  s 

*  A 


d 

5") 

U. 


1.03 


2.48  1.92 


1.10 


1.74 


0.73 


Average  ( 
Average  i 
Average  i 

Monotoni 


1.25 

1.89 

2.00 

1.30 

1.68 

0.09 

0.38 

1.06 

2.17 

1.70 

1.30 

0.42 

0.17 

1.51 

2.39 

1.72 

1.30 

1.78 

1.37 

2.20 

1.73 

1.74 

1.66 

1.26 

1.12 

H 

0.96 

■ 

(area  1)  -  1.46%  with  standard  deviation  0.60% 

(area  2)  =  1.71%  with  standard  deviation  0.37% 

(area  3)  -  2.00%  with  standard  deviation  0.34% 

shear  loading  at  stress  ratio  6  (1st  loading)  photography 


Pi* 


9  4  (afh cv  k  AvlKur 


o 

o 

O 

O 

1.67 

1.53 

1.89 

o 

O 

O 

O 

1.99 

1.70 

2.07 

o 

O 

O 

O 

2.04 

2.10 

1.67 

o 

O 

O 

O 

1.65 

1.93 

1.83 

o 

O 

O 

O 

1.31 

1.46 

2.07 

o 

O 

O 

O 

1.15 

1.51 

1.45 

o 

O 

O 

O 

o  o  o 

1.93  1.44  1.65 

O  O  O 

2.20  1.36  1.73 

O  O  O 

2.03  1.52  1.68 

O  O  O 

1.86  1.87  1.36 

O  O  O 

2.21  1.70  1.62 

O  O  O 

2.13  1.46  2.23 

O  O  O 


Average  E^  (area  1) 
Average  E^  (area  2) 
Average  (area  3) 


1.75%  with  standard  deviation  0.297 
1 . 85%  with  standard  deviation  0.267 
1.85Z  with  standard  deviation  0.157 


Monotonrc  shear  loading  at  stress  ratio  6  (1st  Loading),  radiography 


Figure  9  e,  Wc^  ^  AyUm/v-m-}) 


